There is much current interest in the optical properties of single-crystal nanowires, since their strong 2D confinement of electrons, holes, and photons make them particularly attractive as potential building blocks for nanoscale electronics and optoelectronic devices, including lasers [1] [2] [3] , light detection in photovoltaic devices [4] , ultrasmall optical waveguides [5] , and single-photon sources [6, 7] . As shown by optical and electrical measurements, semiconductor nanowires can function as Fabry-Perot optical cavities with mode spacing inversely related to the nanowire length. Thus, the modal reflectance at the wire termination (the facets for cleaved nanowires for instance) drastically impacts the photonic performance, such as the threshold current for lasers or the Q factor for nanocavities [3] , or even more basically, it may preempt radiation into an undesired facet and reinforce the directivity of the emitted light. Thus the realization of nanowire mirrors with high reflectance becomes crucial for applications.
In this Letter, we theoretically study the reflectivity of GaAs nanowire facets for different kinds of mirrors. We first show that standard Bragg mirrors are rather inefficient for wire diameters D Ͻ/ 3. By contrast, we show that a high reflectance can be achieved for properly designed metallic mirrors. We consider both nanowires standing on a planar reflector and nanowires terminated by a metallic post. For the first geometry, the reflectance exhibits a pronounced dip within the diameter range for singlemode operation, due to the excitation of surface plasmon polaritons (SPPs). This effect can be quenched by incorporating a thin dielectric spacer layer between the GaAs wire and metallic mirror, and a high reflectance ͑R Ͼ 90% ͒ can be achieved for all singlemode wires. The second geometry, which is attractive due to the compactness of integrated post-mirrors, is not as efficient for small diameters, but offers a rather large reflectance ͑R Ͼ 80% ͒ for D Ͼ 0.23.
In the following, we consider cylindrical nanowires made of high refractive index semiconductors such as GaAs ͑n = 3.45͒. The wires offer a strong 2D confinement of light in the transverse directions and guide light in the longitudinal z direction. Figure 1(a) shows the normalized propagation constant n eff = k z / k 0 for the fundamental HE 11 mode [8] as a function of D / . The computational results are obtained at ␥ = 950 nm, a wavelength corresponding to the emission line of single InAs quantum dots [7] , with a fully vectorial frequency-domain aperiodic Fourier modal method (a-FMM) [9] . The overall dispersion of the guided mode can be separated into three representative regimes. For small diameters ͑D Ͻ 0.18͒, n eff is close to unity and the mode band is very close to the light line of the background free space. In this domain, the field is only weakly confined and a large fraction of the mode power witnesses the air background. For D Ͼ 0.3, n eff is rather large, implying that the HE 11 field is almost entirely confined within the nanowire. Between the weak-and strongconfinement regimes lays an intermediate domain where the dispersion significantly deviates from the light lines of the air and GaAs materials. This represents the interesting regime for most photonic applications; monomode operation is guaranteed but more importantly, a large fraction of the spontaneous emission of a dipole (a quantum dot for instance) embedded in the wire is weakly coupled to radiation modes and preferentially excites the fundamental HE 11 mode [7, 10] . This property may have important consequences for the design and performance of broadband single-photon sources [7, 11] .
Let us first consider standard nanowire terminations. Figure 1(b) shows the reflectivity of the fundamental HE 11 mode for a cleaved facet in air (solid red curve) and for a facet connected to a GaAs substrate (dashed blue curve). The two curves show opposite behaviors that simply reflect the variation of the field confinement as D / varies. In our search for better performance, we further study Bragg mirrors, as suggested in the context of nanowire lasers [12] . The a-FMM calculations have been performed for the GaAs/ AlAs system, which is well-mastered technologically and which has recently allowed the observation of Q factors of Ϸ1000 for micropillars with diameters in the range of 500-600 nm [13] . Figure 1(c) shows the reflectance of GaAs/ AlAs ͑n = 3.45/ 2.95͒ Bragg mirrors composed of N = 16 and 32 pairs and connected to the GaAs substrate. For the calculation performed at a fixed wavelength ͑ = 950 nm͒, each layer of the reflector is assumed to have a quarterwave thickness ͑ / ͓4n eff ͔͒ for every D implying that, as D varies, the layer thicknesses also vary. As shown in Fig. 1(c) , the Bragg-mirror reflectivity remains small for D Ͻ 0.3. It is noteworthy that it is nearly null for D = 0.25 and for N = 16 and 32. As shown by further computations, this is due to the very weak ͑Ͻ0.2% ͒ HE 11 modal reflectance at GaAs/ AlAs interface for this diameter. We additionally note that, because of the weak refractive index contrast for small Ds, a large number of alternate layers is required for achieving a moderate reflectivity. This is challenging for fabrication.
Pursuing alternative ways to achieve a high reflectivity we next study facets connecting to a metallic silver mirror [inset in Fig. 2(a) ]. Hereafter, silver is considered as a real metal with a finite permittivity [14] , = −41+ 2.5i at = 950 nm. The solid blue curve in Fig. 2(a) shows the mirror reflectivity, as a function of the normalized wire diameter. It exhibits a pronounced dip, R = 0.3% for D = 0.19. Figure 2(b) shows the radial component of the magnetic-field vector under illumination by the fundamental HE 11 mode for D = 0.19. As shown, the low reflectance is due to a self-focusing effect at the metallic facet, where 15% of the incoming light is absorbed just below the wire in silver. To further understand the reason for this surprising phenomenon, we have performed 2D calculations for GaAs slab waveguides. We found that the dip only exists for TM polarization (magnetic-field vector parallel to the slab), but not for TE polarized light (electric-field vector parallel to the slab). Inspection of the field pattern at minimum reflectance ͑R = 0.086͒ has revealed a self-focusing effect similar to that reported in Fig. 2(b) , with 14% of the incoming light that is locally absorbed just below the slab in silver. For the 2D slab geometry it is possible to rigorously calculate [15] the excitation efficiencies of the SPPs launched on both side of the GaAs slab. We found that this heat channel represents 32% of the incident light and that the remaining 46% are backscattered into air. As suspected, the self-focusing effect is accompanied by an efficient excitation of SPPs. We believe that this also holds for the 3D cylindrical wire geometry in Fig. 2(b) .
To suppress the plasmonic excitation we suggest coating the silver substrate with a thin oxide adlayer ͑n = 1.5͒. The results are shown in Fig. 2(a) . The best performance ͑R Ͼ 90% ͒ over a broad range of diameters is achieved for thicknesses of t =5-10 nm. The oxide adlayer indeed reduces the plasmonic excitation and the metallic absorption. We have also varied the refractive index of the adlayer from n = 1.5 to 3.5. A high reflectance has been systematically obtained by optimizing the adlayer thickness.
We now consider the metallic post mirror geometry sketched in the inset of Fig. 3 . Such mirrors might prove more compact and versatile than planar ones. Figure 3 shows the facet reflectance as a function of D / for several adlayer ͑n = 1.5͒ thicknesses. As expected, low reflectance is always observed for small diameters due to the weak interaction between the metallic post and the HE 11 field that is weakly confined. However, interestingly, the post geometry offers high reflectance ͑R Ͼ 80% ͒ for D Ͼ 0.26 (black solid curve), or even for D Ͼ 0.22 (dotted green curve) provided that a 9 nm thick adlayer is inserted at the GaAs-gold interface. For this optimal thickness, 0.9 reflectance is achieved for D as small as 0.28. The computational results in Fig. 3 are obtained for a semi-infinite metal post, but virtually identical results have been obtained for 100 nm thick posts, letting us expect a similar reflectance for goldcoated facets in freestanding nanowires. We have also studied the performance of the planar and post mirror at = 1500 nm using either gold or silver. Results similar to those in Figs. 2 and 3 have been obtained for both metals.
We are currently investigating the planar-mirror fabrication by depositing the adlayer and the metal film onto a planar GaAs wafer incorporating a sacrificial GaAlAs layer. Then wafer bonding techniques are used to stick the sample upside down on another substrate, and the nanowire is finally processed by standard e-beam lithography and reactive ion etching. The post geometry can be further obtained by using an additional ion beam etching step. It can also be fabricated by direct thin film deposition onto a cleaved facet. Note that quite similar geometries are also obtained when gold droplets are used as catalysts to assist nanowire growths [16] . Such mirrors could improve the efficiency of single-photon sources or could be incorporated to reduce the laser threshold of elementary nanowire resonators, offering quality factors of ϳ100 for first-order Fabry-Perot resonances.
